Adding a "transition layer" could further improve the dissipation ability of the original constrained damping structure to the external vibration. At the same time, the addition of the transition layer brings many difficulties in establishing the model and acquiring the relevant characteristics of the• structure. Based on the shear dissipating energy assumption and the Hamilton principle, the finite element model of the transition constrained damping beam is established. On the basis of this reasonable assumption, the whole derivation process is simplified and easy to read by regularizing the element stiffness and mass matrix, and the expression of loss factor and natural frequency of damping beam is obtained. In order to verify the correctness of the model, the computed results are compared with the analytical solution, and both are found to be in good agreement. Taking the cantilever damping beam as an example, the influence of the material choice of the transition layer and the structural parameters on the natural frequency and the loss factor of the structure are discussed. The results of this paper would lay a good foundation for further optimization and practical engineering application.
INTRODUCTION
The traditional three-layer constrained damping beam mainly depends on the longitudinal shear and transverse tensile deformation of viscoelastic damping material to dissipate the external vibration energy. 1 However, its damping effect in practical engineering applications is often limited to a certain extent. To solve this problem, researchers from all over the world have presented some methods from different aspects. For example, Lepoittevin et al. designed the outermost constrained layer with some segments, and the segment numbers and distribution were analysed. 2 Kumar et al. used the piezoelectric material to replace the traditional metal materials of constrained layer, so the active control was applied into the sandwich structure plate to improve of the energy dissipation effect of the whole structure. 3 In addition, a transition constrained damping structure was presented, in which the "transition layer" was added between the base and viscoelastic layers, the related results showed that the longitudinal shear deformation of the viscoelastic layer could be further increased by adding the transition layer, and thus the desired damping characteristics was achieved. 4 Figure 1 shows the structure of transition constrained damping beam (TCDB).
At present, there are two hypotheses about the energy dissipation of damping structure: one is shear deformation and the other is tensile deformation. However, which occupies dominant position is still controversial. According to the related literature, most of the studies employed the shear deformation hypothesis. For shear deformation, the analytical method and finite element method are usually used as the main analysis means. 5 For example, Kerwin established the theoretical model of a three-layer beam based on the complex modulus method for the first time; Ditaranto considered the shear effect of a viscoelastic layer and established the sixth-order differential equation of a passive constrained damping beam (PCLD). 6, 7 Thereafter, Rao analysed the natural frequency and the loss factor of the PCLD beam under different boundary conditions. 8 The semi-analytical solution of a threelayer damping structure was obtained by Tang et al., using the strip transfer function method. 9 Although the exact solution of a damping structure can be obtained theoretically, the general solution of high-order differential equation is rather difficult, and its solution depends on simple structure and special boundary conditions, which leads to some limitations in engineering application. 10 To overcome these shortcomings, the finite element method is used to analyse the related characteristics of damping structures. For example, a finite element model of three-layer sandwich structure was established for the dynamic analysis by Johnson et al.; Sainsbury et al. constructed a PCLD beam finite element model through the Galerkin orthogonal function to reduce the amount of calculation and improve the calculation efficiency. 11, 12 In addition, Deng et al. made the dynamic analysis of PCLD plate by using the GHM model. 13 However, it is easy to find that the above-mentioned studies mainly focus on the three-layer constrained damping structure. For the transition constrained damping structure, Zhang et al. used the complex stiffness method to obtain the structure loss factor and discussed the influence of transition layer laying position. 14 However, the solution of this method must be repeated many times, so it will increase the computational complexity of the whole calculation process. At the same time, this method can only get the loss factor of the structure, but the natural frequency of the structure cannot be obtained. In addition, that research gave the dynamic response of TCDB, but the results were effective only when the boundary conditions of TCDB was that the one end of the base layer was fixed, and the remaining layers remained free. 4 And the research only
